
APPENDIX E: FEATURE DEFINITIONS

The principle goal of the feature generation process (described in Section 4) is to produce
features that are indicative of incident conditions. This appendix identifies several
candidate traffic features. In general, these features are based on intuitive and/or
theoretical arguments that suggest a correlation between certain feature values and
incident-related traffic conditions. The simplest feature of this type is the raw
surveillance data itself, which can be viewed as a baseline feature set in order to judge the
relative effectiveness of other candidate features. The following sections identify the

candidate feature sets explicitly.

E. l Features from the California Algorithm

All features from the California algorithms are defined in terms of the following
measurement data.

OCC(i, 0, t) The one-minute occupancy, expressed as a percent,
at station i, time t, averaged across all lanes.

OCC(i, j, t) The one-minute occupancy, expressed as a percent,
at station i, lane j, and time t.

VOL(i, 0, t) The one-minute volume, expressed as a percent,
at station i, time t, averaged across all lanes.

VOL(i,  j, t) The one-minute volume, expressed as a percent,
at station i, lane j, and time t.

Features from the California algorithm are defined below. The G-factor appearing in
these definitions is empirically determined so that speed estimates are in miles per hour
(the California algorithm employed a default value of 2.86 as determined from Los
Angeles surveillance data).
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X - 1 if speed is low or traffic is in quadrants 2 or 3
0 otherwise

Y - 0 if traffic is in quadrant 4

1 if traffic is in quadrants 1 or 2
2 if traffic is in quadrant 3

It is not expected that the DCo module of the operational algorithm will utilize these

features to implement the McMaster algorithm. Rather, these features are to be used in
the construction of empirically derived classifiers whose performance will be evaluated
relative to other classification schemes.

Calibration of the Volume Occupancy Templates

The following procedure was followed to determine the quadrant boundaries of the
station-specific volume/occupancy templates employed in the McMaster algorithm (see
[GALL 89] and [PERS 89]). The function G(OCC), which defines the minimum
uncongested volume threshold in Figure E- 1, is defined as:

G(OCC)  = k * F(OCC) for, (0 < k < 1)

where,

F(OCC)  = B * OCC” + E

for model parameters A and B and error term E. Since the assumed model is non-linear,
non-linear estimation techniques must be employed in order to estimate the model
parameters. This is done by using volume-occupancy data collected under uncongested
traffic conditions.

In the original algorithm, a visual inspection of the data indicated that an OCMAX value
of 25% was appropriate. A non-linear parameter estimation program was then employed
to determine values of A and B such that the resulting F(OCC) was a reasonable estimate
of the observed uncongested volume-occupancy data. The value of k was then
determined so that G(OCC) would be a lower bound for 95% of all volumes observed at a
given occupancy value. Different parameter values were determined for each of the
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selected detector stations, but, in general, k was taken to be approximately 0.8, A was
taken to be between 0.8 1 and 0.85, and B was taken to be between 1.6 and 2.5.

E.3 Features Based on Traffic Stream Correlation

The features described in this section are based on the premise that traffic measurements
from adjacent detector stations are correlated. Specifically, in light traffic conditions, a
relatively strong correlation can be observed between the traffic pattern at an upstream
station and the resulting downstream traffic pattern after an appropriate time lag. This
correlation becomes weaker as traffic demand and sensor spacing increases.

Since the traffic data is correlated, measurements from an upstream station can be used to

estimate subsequent downstream measurements based on certain statistical
considerations. By observing large errors in this measurement “forecasting” scheme, one
may infer the existence of an incident.

The theoretical basis of this approach is addressed below.

Upstream-Downstream Correlation Analvsis

We consider two time series, x(k) and y(k), corresponding to traffic data from adjacent
upstream and downstream detector stations, respectively. As the theory suggests a
correlation of fluctuations, it is appropriate to consider deviations of these traffic
variables from their trends:

i(k) = x(k) - t,(k) (E.1)

y(k) = y(k) - 1, (k) (E.2)

Determination of the trends, tx(k) and ty(k), is deferred to the next subsection.

It is expected that the values of y ( k )  can be predicted from past values of j;(k). The

problem we address at this point is the determination of those coefficients, a(nlk), n=n0,

. . . . n 1, which provide the best estimates,
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Name
I

Decsription Definition

DLODFl

DLODF5

Difference (30-Sec) DLOMNO
Downstream Lane Occupancy DLORTI  = DLOMXl-
Difference ( 1 -Min) DLOMN 1
Downstream Lane Occupancy DLORTS = DLOMXS -
Difference (5-Min) DLOMNS

DLOMN0 Downstream Lane Occupancy
Maximum (30-Sec)

Minimum occupancy of station’s
constituent sensors over the last

I
DLOMN 1 Downstream Lane Occupancy

Maximum ( 1 -Min)

DLOMN5 Downstream Lane Occupancy
Maximum (5-Min)

Minimum occupancy of station’s
constituent sensors over the last
1 minute I
Minimum occupancy of station’s
constituent sensors over the last
5 minutes I

DLOMX0

DLOMX 1

DLOMX5

Downstream Lane Occupancy
Minimum (30-Sec)

Downstream Lane Occupancy
Minimum ( 1 -Min)

Downstream Lane Occupancy
Minimum (1-Min)

Maximum occupancy of
station’s constituent sensors over
the last 30 seconds
Maximum occupancy of
station’s constituent sensors over
the last 1 minute
Maximum occupancy of
station’s constituent sensors over
the last 5 minutes

DLORTO

DLORT 1

DLORT5

Downstream Lane Occupancy Ratio DLORTO = DLOMXO /
(30-Sec) DLOMNO
Downstream Lane Occupancy Ratio DLORTl  = DLOMXl /
( I-Min) DLOMN 1
Downstream Lane Occupancy Ratio DLORT5 = DLOMX5 /
(5-Min) DLOMN5

DLSDF0

DLSDFl

DLSDF5

Downstream Lane Speed Difference DLSDFO = DLSMXO -
(30-Sec) DLSMNO
Downstream Lane Speed Difference DLSDFl = DLSMXl -
( 1 -Min) DLSMN 1
Downstream Lane Speed Difference DLSDF5 = DLSMX5 -
(5-Min) DLSMN5

DLSMN0

DLSMN 1

DLS MN5

Downstream Lane Speed Minimum Minimum speed of station’s
(30-Sec) constituent sensors over the last

30 seconds
Downstream Lane Speed Minimum Minimum speed of station’s
( 1 -Min) constituent sensors over the last

1 minute
Downstream Lane Speed Minimum Minimum speed of station’s
(5-Min) constituent sensors over the last
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Name Decsription

DLSMX0

DLSMXl

DLSMX5

DLSRT0

DLSRT 1

DLSRT5

DLVDF0

DLVDFl

DLVDF5

DLVMNO

DLVMN 1

DLVMN5

DLVMXO

DLVMX 1

DLVMX5

DLVRTO

Definition

I 5 minutes I

Downstream Lane Speed Maximum Maximum speed of station’s
(30-Sec) constituent sensors over the last

30 seconds
Downstream Lane Speed Maximum Maximum speed of station’s
( 1 -Min) constituent sensors over the last

1 minute
Downstream Lane Speed Maximum Maximum speed of station’s
(5-Min) constituent sensors over the last

5 minute

Downstream Lane Speed Ratio (30- DLSRTO = DLSMXO /
Sec) DLSMNO
Downstream Lane Speed Ratio (l- DLSRTI  = DLSMXl /
Min) DLSMN 1
Downstream Lane Speed Ratio (5- DLSRT5 = DLSMX5 /
Min) DLSMN5

Downstream Lane Volume
Difference (30-Sec)
Downstream Lane Volume
Difference ( 1 -Min)
Downstream Lane Volume
Difference (5-Min)

DLVDFO = DLVMXO -
DLVMNO
DLVDFl = DLVMXl-
DLVMN 1
DLVDF5 = DLVMX5 -
DLVMN5

Downstream Lane Volume
Minimum (30-Sec)

Downstream Lane Volume
Minimum (1-Min)

Downstream Lane Volume
Minimum (55-Min)

Minimum volume of station’s
constituent sensors over the last
30 seconds
Minimum volume of station’s
constituent sensors over the last
1 minute
Minimum volume of station’s
constituent sensors over the last
5 minutes

Downstream Lane Volume
 Maximum (30-Sec)

Downstream Lane Volume
Maximum ( 1 -Min)

Downstream Lane Volume
Maximum (5-Min)

Maximum volume of station’s
constituent sensors over the last
30 seconds
Maximum volume of station’s
constituent sensors over the last
1 minute
Maximum volume of station’s
constituent sensors over the last
5 minutes

Downstream Lane Volume Ratio DLVRTO = DLVMXO /
(30-Sec) DLVMNO I
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Name

ULSMX 1

ULSMX5

ULSRTO

ULSRTl

ULSRT5

ULVDFO

ULVDFI

ULVDF5

ULVMNO Upstream Lane Volume Minimum  Minimum volume of station’s
(30-Sec) constituent sensors over the last

30 seconds
ULVMN 1 Upstream Lane Volume Minimum Minimum volume of station’s

( 1 -Min) constituent sensors over the last
 1 minute

ULVMN5 Upstream Lane Volume Minimum  Minimum volume of station’s

ULVMXO

ULVMX 1

ULVMXS

Decsription

(30-Sec) constituent sensors over the last
30 seconds

Upstream Lane Speed Maximum (l- Maximum speed of station’s
Min) constituent sensors over the last

1 minute
Upstream Lane Speed Maximum (5- Maximum speed of station’s
Min) constituent sensors over the last

5 minutes

Upstream Lane Speed Ratio (30- ULSRTO = ULSMXO /
Sec) ULSMNO
Upstream Lane Speed Ratio ( 1-Min) ULSRTl  = ULSMX 1 /

ULSMN  1
Upstream Lane Speed Ratio (5-Min) ULSRT5  = ULSMX5 /

ULSMN5

Upstream Lane Volume Difference
(30-Sec)
Upstream Lane Volume Difference
(1-Min)
Upstream Lane Volume Difference
(5-Min)

ULVDFO = ULVMXO -
ULVMNO
ULVDFl = ULVMXl-
ULVMN 1
ULVDF5 = ULVMX5 -
ULVMN5

(5‘-Min)
I

constituent sensors over the last
5 minutes

Upstream Lane Volume Maximum
(30-Sec)

Maximum volume of station’s
constituent sensors over the last
30 seconds

Upstream Lane Volume Maximum Maximum volume of station’s
 (1-Min) constituent sensors over the last

1 minute
Upstream Lane Volume Maximum
(5-Min)

Maximum volume of station’s
constituent sensors over the last
5 minutes

Upstream Lane Volume Ratio (30-
S e c )
Upstream Lane Volume Ratio (l-
Min)
Uustream Lane Volume Ratio (5-

ULVRTO = ULVMXO /
ULVMNO
ULVRT I= ULVMX 1/
ULVMN 1
ULVRT5 = ULVMX5 /
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